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Intraoperative two-dimensional echocardiography is a 
new diagnostic and monitoring technique that provides 
immediate information, unavailable from routine hemo•
dynamic measurements, on both myocardial and val•
vular function. The presence and severity of valvular 
regurgitation can be assessed from the visualized flow 
pattern of microbubbles generated by an injection of 
saline solution: reflux flow into the retrograde chamber 
represents valvular insufficiency. The extent of valvular 
regurgitation can be determined immediately after con•
servative valve repair (anuloplasty or commissurotomy) 
or replacement to avoid the patient's leaving the oper-
Over the past few years several reports (1-24) have de•
scribed intraoperative applications of two-dimensional echo•
cardiography. This use represents a natural progression in 
which a well accepted clinical tool has been adapted to the 
operating room to gain further insight into cardiac patho•
physiology and provide immediate information to guide sur•
gical therapeutic interventions. Intraoperative echocardi•
ography has multiple clinical and research applications. 
Additionally, more sophisticated ultrasound machines are 
becoming more compact and, therefore, more practical for 
use in the surgical suite. For these reasons, intraoperative 
echocardiography is likely to become a routine surgical tool 
in the near future. 
Methods 
Intraoperative preparation and technique. At pres•
ent, intraoperative two-dimensional echocardiography can 
be performed using standard clinical echocardiographic 
equipment. Some workers (3) have strongly advocated gas 
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ating suite with significant but undetected valvular in•
sufficiency. Additionally, intraoperative echocardiog•
raphy permits rapid evaluation of left ventricular systolic 
and diastolic volumes and myocardial contractility, 
thereby facilitating therapeutic interventions in the op•
erating room. It also permits assessment of congenital 
heart defects and the competency of their repair. Pulsed, 
continuous and color-flow real time Doppler imaging 
methods allow further intraoperative definition of ste•
notic and regurgitant lesions. 
(J Am Coil CardioI1986;7:374-82) 
sterilization of the transducers. However, because this is 
not always possible with mechanical transducers, we believe 
that the mechanical transducer must be carefully prepared 
with sterile gel and drapes. In more than 500 intraoperative 
echocardiograms performed at our two institutions using a 
mechanical transducer (ATL & ADR, Advanced Techno•
logical Laboratories) and special sterile preparation, there 
has not been a break in sterility or an infectious compli•
cation. To assure patient safety, the cord of the transducer 
should be long enough to allow the machine to remain out 
of the operative field. Importantly, to expedite the proce•
dure, it is the surgeon who should perform the echocardio•
graphic examination. Initially, an echocardiographer (pref•
erably a technically proficient cardiologist) should be in 
attendance in the operative suite to orient and guide the 
surgeon in obtaining optimal images. A team approach is 
absolutely necessary; all operating room personnel, includ•
ing nurses, perfusionists and technologists, should be fa•
miliar with the technique and the potential value of the 
study. The echocardiographic planes obtained will depend 
on the size of the transducer but, in general, both the long•
axis and entire short-axis sweep from base to apex can be 
obtained easily by rotating the sterilely prepared transducer 
directly on the exposed right ventricle after the pericardi•
otomy. Customized phased array transducers can be placed 
on the apex, permitting a four or two chamber view to be 
obtained. This apical window is not obtainable with larger 
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mechanical transducers. Initially, the entire intraoperative 
echocardiographic study may take 5 to 10 minutes but, with 
experience, only I to 2 minutes should be needed. 
Once the baseline echocardiographic images have been 
obtained, the information can be used immediately to help 
guide therapeutic interventions in the operating room. Ad•
ditionally, the echocardiographic examination can be per•
formed immediately after the operative procedure while 
weaning the patient from cardiopulmonary bypass. This per•
mits evaluation of ventricular function, determination of 
appropriate interventions for smooth separation from by•
pass, and early recognition of myocardial or valvular 
dysfunction. 
Transesophageal echocardiography. With this new ul•
trasound imaging technique, a gastroscope-mounted echo•
cardiographic transducer is passed into the esophagus and 
positioned behind the left atrium, permitting routine long•
and short-axis and four chamber views to be obtained 
(15-20,23). Intraoperative transesophageal echocardiog•
raphy has been the domain of the anesthesiologists because 
they control the mouth and airway, and can therefore ma•
nipulate the probe if repositioning is necessary. Caution 
must be taken in passing the scope in patients with a prior 
history of dysphagia or esophageal stricture. When in doubt. 
a barium swallow should be performed before surgery to 
determine if the transesophageal procedure is feasible. If 
Figure 1. Mitral regurgitation (MR). Intraoperative echocardio•
gram in modified long-axis View, demonstratmg baseline systolic 
frame (A) and after left ventricular (LV) injection of 5 cc of flUid 
generating microbubbles which eXit anterograde mto the aorta (Ao) 
(straight arrow) and regurgitate retrograde into the left atrium 
(LA) in systole (curved arrows) (B). IVS = interventricular septum 
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there is any difficulty in positioning the esophageal scope, 
the attempt should be aborted. Laryngeal nerve damage 
during neurologic surgery with neck flexion, and esophageal 
mucosal bums, are rare potential complications. 
Transesophageal echocardiography is limited by several 
problems: alterations in image quality due to cardiac and 
pulmonary motion (particularly after thoracotomy and peri•
cardiotomy) and difficulty in imaging the entire endocardial 
and epicardial borders. However, it is a valuable method 
for continuously monitoring ventricular function ( 15). Anes•
thesiologists also utilize transesophageal echocardiography 
to detect air emboli during neurosurgery (18). Although the 
remaining discussion will focus on applications of direct 
on-heart imaging, transesophageal echocardiography is an 
important method of intraoperative imaging. Kremer et al. 
(16) reported its use, without complications, for up to 12 
hours during elective surgery in 400 patients, obtaining high 
quality recordings in 87% of patients. The method may be 
ideally suited for the patient who has had open heart surgery, 
mOnItoring the high risk cardiac patient undergoing non•
cardiac surgery or in the immediate postoperative period in 
the recovery room when routine echocardiography is often 
technically difficult. 
Valvular Heart Disease 
Mitral valve disease. Our group (2) first applied intra•
operative echocardiography to assessment of mitral valve 
surgery. Imaging of the valvular and subvalvular apparatus 
is useful to the surgeon in determining the extent of fi•
brous/calcific involvement, which may determine whether 
a conservative repair is feasible. 
Intraoperative contrast echocardiography can determine 
.. 
376 GOLDMAN AND MINDICH 
INTRAOPERATIVE TWO-DIMENSIONAL ECHOCARDIOGRAPH'Y 
the presence and severity of both left- and right-sided val•
vular regurgitation from the microbubbles or "contrast" 
generated by the injection of 5 cc of agitated saline solution 
or 5% dextrose in water through a long needle into the left 
or right ventricle. The needle and syringe probably generate 
these 2 to 125 /-L microbubbles by creating surface agitation 
and cavitation that result in microcavities with the fluid even 
after all visible air bubbles have been extirpated (24,25). 
Normally, when agitated fluid is injected into the left ven•
tricle, contrast fills the left ventricular cavity and completely 
exits into the aorta during systole. Depending on the severity 
of mitral regurgitation, the left atrium fills with contrast 
during ventricular systole and can be graded on the basis 
of density and time to clearing of contrast from the left 
atrium, similar to angiographic techniques and echocardio•
graphic methods previously described (2,26,27) (Fig. 1). 
Contrast injection and imaging in the short-axis view allow 
precise localization of the specific site of regurgitant flow 
along the free atrial wall or interatrial septum, which is 
extremely useful in detecting regurgitation after prosthetic 
valve replacement or repair procedures. 
After the baseline contrast echocardiogram, the operative 
procedure on the mitral valve is performed. Once the patient 
has been removed from cardiopulmonary bypass and has a 
stable, spontaneous or pacemaker rhythm, a repeat left ven•
tricular contrast echocardiogram is performed, during which 
no microbubbles should be seen in the left atrium. If more 
than one quarter of the left atrium is filled by contrast in 
either the long- or the short-axis view, indicating more than 
a minimal degree of regurgitation, the patient must be re•
placed on bypass and additional valve repair or correction 
of the prosthesis placement is required. 
More than 175 echocardiographic contrast left ventric•
ulograms have been successfully performed at the Mount 
Sinai Medical Center for the evaluation of mitral regurgi•
tation in native and prosthetic valves. The ultrasound method 
proved superior to the standard method of mitral valve eval•
uation during surgery, such as digital palpation and hemo•
dynamic measurement of V wave size (2). Recently, Equaras 
et al. (28) reported similar success using intraoperative con•
trast echocardiography to evaluate 15 patients with mitral 
regurgitation. 
Experience with both the technical performance and 
interpretation of the contrast echocardiogram is required for 
a successful study. Spontaneous bubbles are frequently gen•
erated in the left atrium after open heart surgery (5) and 
should not be confused with truly regurgitant bubbles. Care•
ful frame by frame review of the echocardiogram in the 
operating room may be necessary to determine whether the 
contrast seen in the left atrium is due to true mitral regur•
gitation, to an injection during diastole whose force drove 
the microbubbles into the left atrium or to an arrhythmia 
(Fig. 2). With use of intraoperative contrast echocardiog•
raphy, potential problems can be detected before chest closure. 
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Figure 2. False positive mitral regurgitation (MR). Intraoperative 
echocardiogram in long-axis view demonstrating systolic contrast 
in the left atrium (LA) after a left ventricular injection confirms 
ventricular tachycardia (V. TACH.) (starred). RV = nght ven•
tricle. Other abbreviations as in Figure I. 
Intraoperative echocardiography is particularly valuable 
in patients with combined aortic stenosis and moderate mi•
tral regurgitation. In some of these patients, the degree of 
mitral regurgitation spontaneously regresses after aortic valve 
replacement, thereby eliminating the need for mitral valve 
surgery. Contrast echocardiography can assess mitral valve 
competency immediately after aortic valve surgery. 
In light of studies (29,30) that have shown improved 
postoperative ventricular function in mitral regurgitation when 
as much as possible of the mitral apparatus is left intact, 
intraoperative echocardiography may allow a more aggres•
sive approach toward salvaging native mitral valves in pa•
tients with mitral regurgitation. 
Tricuspid valve disease. Functional tricuspid regurgi•
tation secondary to mitral regurgitation or stenosis is difficult 
to quantify adequately because current methods (physical 
examination, Doppler ultrasound and cardiac catheteriza•
tion) are inaccurate (30,31). Failure to appreciate the se•
verity of tricuspid regurgitation increases the postoperative 
morbidity and mortality after mitral valve operations (32,33). 
A right ventricular contrast injection generating microbub•
bles is used to determine the presence and degree of tricuspid 
regurgitation by semiquantifying the concentration and time 
for clearing of contrast from the right atrium during ven•
tricular systole (Fig. 3). We have applied (34) intraoperative 
contrast echocardiography, in a manner similar to that de•
veloped for mitral regurgitation, to determine the baseline 
severity of tricuspid regurgitation in 85 patients. Because 
secondary tricuspid regurgitation is due to factors other than 
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elevated pulmonary pressure, though regurgitation may di•
minish spontaneously after repair of the mitral lesion, some 
patients will have persistent severe regurgitation. Deter•
mination of the presence of tricuspid regurgitation by in•
traoperative contrast echocardiography correlates well with 
results of preoperative pulsed Doppler studies (34). How•
ever, the intraoperative procedure can assess the relative 
severity of tricuspid regurgitation. While 1 + to 2 + re•
gurgitation usually diminishes after mitral valve surgery, 
3 + to 4 + regurgitation may persist and cause progressive 
postoperative right ventricular dysfunction. Therefore, in•
traoperative two-dimensional echocardiography allows the 
surgeon to evaluate the degree of tricuspid regurgitation 
immediately after the mitral valve procedure to determine 
whether tricuspid valve repair is still necessary. Then, if 
the tricuspid valve is repaired, it can be evaluated before 
the patient leaves the operating suite. 
Aortic valve disease. Occasionally, the presence of aor•
tic valve stenosis or regurgitation is inadequately assessed 
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Figure 3. TricuspId regurgitation. Intraoperative echocardiogram 
in modified right ventrIcular inflow view, imaging the right atrium 
(RA), right ventricle (RV) and tricuspid valve (A). Similar to the 
method for assessing mitral valve competency, 5 cc of contrast is 
injected into the right ventricle and an early systolic jet (arrow) 
of contrast regurgitates into the right atrium (D) and completely 
fills it (C). 
preoperatively, especially when aortic valve disease is not 
clinically suspected or the patient is too critically ill to 
undergo catheterization. Intraoperative echocardiography can 
adequately visualize all three cusps of the aortic valve (in 
the short-axis view) and valve mobility (in the long-axis 
view). The degree of aortic regurgitation can be estimated 
by injecting saline solution or dextrose in water into the 
proximal aortic root and visualizing diastolic reflux of mi•
crobubbles into the left ventricle. The degree of aortic re•
gurgitation is assessed in a manner similar to that used to 
assess mitral regurgitation: by the degree of filling of the 
left ventricle during diastole and time for clearing of the 
contrast. After aortic valve repair or prosthesis insertion, a 
postoperative contrast injection can determine the possible 
presence and severity of regurgitation. This is extremely 
valuable in congenital aortic valve anomalies when surgical 
treatment is conservative, and residual or new aortic re•
gurgitation may be present. In 75 aortic root echocardio•
graphic contrast injections performed, there was excellent 
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correlation with catheterization-determined severity of aor•
tic regurgitation. Equaras et al. (28) reported similar results 
in 14 patients. 
Myocardial function. One of the most important ap•
plications of intraoperative echocardiography is on-line as•
sessment of myocardial function. Ordinarily, with the chest 
open, only the right ventricle and parts of the left ventricle 
are visible to the surgeon. Routine monitoring of the elec•
trocardiogram and pulmonary and aortic hemodynamics is 
often insensitive to early ischemia, whereas echocardi•
ographically detected wall motion abnormalities are an ear•
lier sign of ischemia (35). Therefore, periodic imaging of 
ventricular contraction may diagnose wall thickening ab•
normalities, which can be immediately treated by nitrate 
therapy to reduce ischemia. Contraction abnormalities may 
be related not only to ischemia, but also to elevated wall 
stress, increased afterload or prior infarction. Therefore, 
evaluation of ventricular contractility after various thera•
peutic interventions may determine the etiology of the wall 
motion abnormality. 
An additional application of intraoperative echocardi•
ography is in assessment of myocardial perfusion (1). Cold 
potassium cardioplegic solution is routinely infused into the 
aortic root to reduce myocardial metabolic requirements 
during aortic cross clamping. However, significant coronary 
stenoses may impede cardioplegic flow, thereby leaving 
myocardial regions potentially ischemic. Frequently, in pa•
tients with multi vessel coronary disease it is difficult to 
determine the myocardial region at greatest ischemic jeop•
ardy. We reported (1) the ability to image cardioplegic flow 
as it perfused the myocardium, similar to a thallium per•
fusion scan. As cardioplegic solution entered, the myo•
cardial region would appear whiter. Areas not perfused and 
therefore unprotected would not lighten, would continue to 
finely fibrillate and could be easily detected by on-heart 
echocardiography. In 42 patients studied, the overall sen•
sitivity and specificity values for predicting significant (greater 
than 70% stenosis) coronary artery lesions based on pre•
operative angiographic determination were 82 and 92%, 
respectivel y. The method was most beneficial in detecting 
septal region perfusion, which is difficult to assess by vi•
sualization or epicardial temperature probes. On the basis 
of identification of an underperfused region, the surgeon 
can provide selective cardioplegia in a specific vessel distal 
to a proximal stenosis, or first perform proximal and distal 
coronary bypass anastomosis to the ischemic region. 
When a preoperative ventriculogram has not been ob•
tained or proves inadequate, the echocardiogram can fully 
evaluate left ventricular size and contractility and localize 
ventricular aneurysms. In patients with coronary artery dis•
ease, the response of the ventricle to various pharmacologic 
interventions can be evaluated both pre- and postopera•
tively. Decisions to support ventricular function pharma•
cologically or mechanically with intraaortic balloon pump-
lACC Vol 7. No 2 
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ing can be made more jUdiciously. Imaging in the short•
axis plane permits assessment of circumferential wall thick•
ening (actual contractility) and findings may differ consid•
erably from the degree of epicardial motion or kinesis as 
assessed grossly. The surgeon can view ventricular con•
tractility pre- or postoperatively, to improve outcome of 
coronary revascularization or valvular operations. 
In hypertrophic cardiomyopathy, echocardiography can 
guide the surgeon in determining the extent of myomectomy 
and evaluating the degree of baseline mitral regurgitation 
(12). After operation, echocardiographic imaging can ex•
clude a ventricular septal defect and evaluate ventricular 
function and residual mitral regurgitation. Obstructive 
hemodynamics, occasionally seen after routine operations 
in normal ventricles because of volume depletion, can lead 
to elevated capillary wedge pressures and decreased cardiac 
output. The etiology of postoperative hypotension includes 
ventricular dysfunction and volume depletion, which can be 
easily differentiated by intraoperative echocardiography. 
Therefore, direct intraoperative assessment of ventricular 
function is vital to improved postoperative management of 
the patient. 
Several studies have utilized intraoperative echocardi•
ography to examine the effects of operative procedures on 
ventricular fUllction. Dubroff et al. (3) demonstrated a re•
duction in left ventricular ejection fraction in patients 
undergoing valve replacement for both mitral and aortic 
regurgitation (from 0.49 ± 0.19 to 0.32 ± 0.16 and from 
0.41 ± 0.13 to 0.30 ± 0.16, respectively)' while ejection 
fraction rose after valve replacement in mitral and aortic 
stenosis (from 0.41 ± 0.05 to 0.50 ± 0.07 and from 0.45 
± 0.1 to 55 + 0.09, respectively). Subsequently, similar 
findings were reported in a larger group of patients by Ren 
et al. (36) who performed intraoperative echocardiography 
immediately after correction of valvular dysfunction and 
demonstrated immediate improvement in left ventricular 
ejection fraction in aortic and mitral stenosis. However, 
ejection fraction fell following correction of aortic and mitral 
regurgitation. There was no significant change in ventricular 
function after coronary bypass. This very early assessment 
of ventricular function correlated well with results of other 
studies performed weeks to months after surgery, suggesting 
that hemodynamic alterations and underlying ventricular 
dysfunction are apparent immediately after the surgical 
procedure. 
Because of the interplay of several factors during and 
immediately after surgery, the operating room may not be 
the ideal physiologic laboratory. Myocardial depressants 
(specifically anesthetic agents, effect of aortic cross clamp•
ing, different methods of myocardial preservation), peri•
cardiotomy, hemolysis, anemia and subsequent volume 
loading, vasodilatory and inotropic agents, alterations in 
preload and afterload, and atrial pacing may all influence 
ventricular contractility and affect the ejection fraction. 
lACC Vol. 7. No 2 
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Figure 4. Left to right shunt demonstrated through a membranow, 
interventricular septal (lYS) defect by a left ventricular (LY) in•
jection. Baseline view (A), with arrow at the site of the septal 
defect. followed by contrast injection (B). Abbreviations a~ in 
previous figures. 
Figure 5. Left atrial myxoma imaged intraoperatively in the long•
axis view. The myxoma (M) can be seen to reside in the left atrium 
(LA) in systole (A)' and go through the mitral valve in diastole 
(B) (arrow). AbbreVIations as in previous figures. 
-
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However, direct visualization of ventricular function, re•
gardless of which influencing factors are predominant, is 
invaluable in guiding the surgeon's and anesthesiologist's 
therapeutic response. 
Intracardiac shunts. Intraoperative contrast echocar•
digraphy can assess the presence and severity of congenital, 
traumatic or ischemic heart disease complicated by inter•
ventricular, interatrial or extracardiac shunts (37,38) (Fig. 
4). Saline solution injected on the right side of the heart 
can detect right to left shunts, and injections on the left side 
of the heart can assess left to right shunts. A minimal re•
sidual shunt may persist postoperatively along the patch 
material used for repair of interventricular and interatrial 
shunts (37). Therefore, possible significant residual shunt 
after an operative procedure should be evaluated by intra•
operative contrast echocardiography to detect potential su•
ture dehiscence or inadequate repair. 
Congenital heart disease. Intraoperative echocardiog•
raphy with contrast injections can localize intracardiac shunts 
and define complex anatomy that may be difficult to fully 
appreciate by preoperative catheterization or closed chest 
imaging. The echocardiogram can also rapidly assess ade•
quacy of shunt repairs and conduits before the patient leaves 
the operating room. This technique will allow a more ag•
gressive approach to complex cardiac reconstructions, since 
the surgeon would have the ability to image the heart and 
evaluate adequacy of the surgical repair immediately after 
the operative procedure. 
Cardiac tumors and masses. Cardiac myxomas, lo•
cated primarily in the left atrium. are usually adequately 
diagnosed by preoperative echocardiography (39,40). How•
ever, because of the potential complications of cardiac cath•
eterization in patients with myxoma, ventriculography is 
rarely done. Pre- and postoperative intraoperative echocar-
:. 
, , 
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diograms with contrast can assess the presence and severity 
of mitral regurgitation secondary to valve damage from the 
ball valve effect of the myxoma (Fig. 5). Importantly. the 
extent of malignant tumors involving the heart is often in•
adequately assessed by preoperative echocardiography or 
even computed tomography. Intraoperative imaging is ef-
, 
-
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fective in outlining the extent of disease and multichamber 
involvement unsuspected preoperatively. When an opera•
tion has entailed extensive reconstruction of cardiac cham•
bers after removal of intracardiac tumors, the echocardio•
gram is extremely helpful in assessing adequacy of the 
procedure. 
Figure 6. Intraoperative color flow 
Doppler echocardiogram. Modified 
right ventricular inflow view. dem•
onstrating blood moving antero•
grade in hues of orange, from the 
right atrium (RA) into the right ven•
tricle (RY) (arrow) (A). In systole 
(B), tricuspid regurgitation (arrow) 
is manifested by retrograde flow in 
shades of blue (B) . 
•• 
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Doppler echocardiography. Doppler echocardiog•
raphy measures blood flow velocities and flow direction 
(41,42) and can be used intraoperatively to evaluate valvular 
regurgitation, transvalvular gradients and intracardiac shunts, 
For example, pulsed Doppler echocardiography can detect 
turbulent flow in the left atrium in mitral regurgitation or 
in the left ventricle in aortic regurgitation, However, there 
are limitations in applying the conventional Doppler ex•
amination intraoperatively, Using a single "ice pick" beam 
for the Doppler examination for accurate interrogation of 
the entire, appropriate chambers requires greater skill and 
time than does routine echocardiographic imaging, Addi•
tionally, although Doppler ultrasound may be as effective 
as contrast echocardiography in determining the presence 
or absence of regurgitation, contrast echocardiography is 
superior in determining its severity (43), Intraoperative Dop•
pler study can be correlated with direct pressure measure•
ment of a valvular gradient in native valve procedures, after 
commissurotomy or valve reconstruction, and may serve as 
a baseline for future postoperative evaluation, 
An important technical innovation has been the intro•
duction of real-time flow (color-coded) Doppler echocardi•
ography, which allows visualization of directional flow as 
well as turbulent flow (44), The color Doppler method allows 
simultaneous two-dimensional echocardiographic imaging 
with real-time display of blood flow velocities over a wide 
sector without being limited to a single narrow beam (Fig, 
6), Direction of flow is coded by shades of orange/red for 
forward flow and shades of blue for flow away from the 
transducer. This technique has the potential of accurately 
quantifying the severity and extent of regurgitation without 
requiring tedious chamber interrogation by routine Doppler 
study, 
Advantages. Intraoperative echocardiography is an easy 
technique to learn and teach, The procedure is expedited 
when it is performed by the surgeon, Intraoperative echo•
cardiograms allow precise definitions of both myocardial 
and valvular function, The technique allows immediate pre•
and postoperative imaging, facilitating the earliest detection 
of valvular and ventricular dysfunction which can signifi•
cantly reduce therapeutic response time. The entire proce•
dure, in experienced hands, should take no more than 1 to 
2 minutes per imaging period. The apparatus can remain in 
the surgical suite and can be used as often as required by 
the surgeon without concern for adverse effects on the pa•
tient. At this juncture there are no known risks or compli•
cations of the procedure and none should be expected as 
long as sterile technique is maintained. Contrast echocardi•
ography can also be performed safely intraoperatively. In 
more than 40,000 contrast echocardiograms done through 
peripheral vein injections in normal patients and in those 
with intracardiac shunts, no permanent complications have 
been reported (45). Also, spontaneous microbubbles have 
been detected echocardiographically in almost all open heart 
operations without known adverse effects (5). In more than 
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400 intraoperative contrast studies performed, no compli•
cations have occurred. 
Future applications. Because of the precise anatomic 
definition it provides and the lack of attenuation of the 
ultrasound beam, intraoperative echocardiography may be 
the ideal method for tissue characterization research and 
three-dimensional reconstruction. Differentiation of in•
farcted from normal muscle and hypertrophic from infiltra•
tive cardiomyopathy could be performed with more complex 
computerized techniques and assist in guiding surgical re•
sections. It would also facilitate evaluation of new cardiac 
medications and their effects on myocardial contractility. 
Preliminary echocardiographic studies (11,13,46) have 
visualized human coronary artery anatomy and intracoro•
nary plaques intraoperatively using high frequency trans•
ducers. At present, problems of resolution, cardiac motion 
and ultrasound beam distortions due to calcified plaques 
present major obstacles in the practical application of this 
technique. Additionally, there is not always a direct cor•
relation between anatomic obstruction and physiologic sig•
nificance of the obstruction (47). However, with improved 
ultrasound probes and higher frequency, the visualization 
and precise definition of intracoronary luminal abnormalities 
would facilitate more precise insertion of coronary grafts as 
well as more aggressive intraoperative coronary endarter•
ectomy and angioplasty. Intraoperative echocardiography 
combined with intracoronary Doppler flow studies should 
significantly enhance the intraoperative patency rate of by•
pass vessels. Potentially, with excellent intraoperative en•
docardial resolution, automated edge detection techniques 
could be utilized to calculate immediate on-line ejection 
fraction and cardiac output automatically. 
Summary. Intraoperative echocardiography is a rela•
tively new technique that allows immediate monitoring of 
myocardial and valvular function. It is simple to perform, 
is low in cost and can be applied using routine, commercially 
available equipment. This technique is rapid and allows 
prompt recognition of abnormal valvular and myocardial 
function which should significantly improve medical and 
surgical therapy. 
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